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Abstract 
The objective of the paper is based on unit commitment problem with respect to environment perspective. Global warming has 
received substantial attentions because of possible disastrous consequences. The majority of greenhouse gases emissions are 
contributed by the combustion of fossil fuels at the thermal power plants. Therefore, power industry is expected to reduce the 
greenhouse gases emissions in the future operation. The cost curve of the generator and the emission curve of the generator are 
combined together to form a single-objective which is solved using various hybrid optimization techniques Gradient search, 
Logistic Regression, and Artificial neural network. 
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1. Introduction 
In the competitive environment, GENCOs are no longer having the obligation to meet the demand. GENCOs may 
choose to generate less than the demand. This allows little more flexibility and makes the problem complex in the 
Unit Commitment (UC) schedules under deregulated environment. UC decision is associated with financial risks. 
Finally the profit depends not only on the cost, but also on revenue. 
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Profit Based Unit Commitment with emission trading becomes a research focus in the recent years due to the 
promulgation of the European Union Emission Trading Scheme (ETS) in 2005. Without considering ancillary 
services, the PBUC problem in a Pool Co market with uncertain market prices was solved using LR, stochastic 
dynamic programming, and Benders decomposition in [1]. The LR technique is a mathematical tool for mixed- 
integer programming problem. In the application [2, 3] of this method in unit commitment, system constraints are 
relaxed by Lagrangian multipliers and added to the objective function. In order to achieve a high quality solution, a 
hybrid method between LR and evolutionary strategy was used [4] to solve the UC problem. Demand Response 
(DR) can play an important role to reduce emissions and costs associated with emission reduction activities. Author 
aims to assess the short-term impacts of running a DR program on a power system constrained by emissions caps [5] 
.Price uncertainty is modelled in a procedure using fuzzy members for maximizing a GENCO’s profit [6].The 
probability that spinning and non-spinning reserves are called and generated is modelled and forecasted using ANN 
to simulate the reserve uncertainty [7]. A modular General Regression Neural Network is used to predict the next 
day’s 24 hour spot price or marginal price [8]. Genetic algorithm application to price based unit commitment [9] 
provided optimal unit commitment and also optimal Mw values for energy, spinning reserve and non-spinning 
reserve. LR and GAs are integrated to solve the PBUC problems [10]. 
 
2.  Problem Formulation 
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Where  
α, β and γ are emission coefficients 
PF profit of Genco ;RV revenue of Genco ; 
TC total cost of Genco ; Pitpower generation of generator at hour t; 
Pi min  minimum generation limit of generator i ; 
Pi max  maximum generation limit of generator I; 
N number of generator units; T number of hours; 
Nonlinear multiple objective function in emission optimization with Profit-Based Unit Commitment are maximizing 
profit as in profit based unit commitment as well as minimizing  emission with subject to the same constraints  
considered for profit based unit commitment . The multiple objectives of minimizing the emission and maximizing 
the profit are combined to form a single-objective function, using scalarization technique, and optimized subject to 
the same constraints. 
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Where α, β, J  are the generator emission constants, a, b, c are the generator cost   co-efficients and P is the 
generated power. Also, J
1
and J
2 
are the scalar parameters used to combine the objective function and P ( J ) is the 
combined scalar objective function. 
3.  Proposed Methodology 
 
3.1. The Scalarization Technique 
 
A multi-objective problem is often solved by combining its multiple objectives into one single-objective scalar 
function. This approach is in general known as the weighted-sum or scalarization  method.  
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In more detail, the weighted-sum method minimizes a positively weighted convex sum of the objectives, that is, 
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    The represents a new optimization problem with a unique objective function. Here J I is the scalarization 
parameter used to combine objectives.  The above minimization problem is denoted with Ps (J ). It can be proved 
that the minimizer of this single-objective function P (J ) is an efficient solution for the original multi-objective 
problem. In particular, therefore if the J  weight vector is strictly greater than zero (as reported in P(J  )), then the 
minimizer is a strict Pareto optimum, while in the case of at least one J i= 0, i.e., 
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It is a weak Pareto optimum. Here J I is the scalarization parameter used to combine objectives. 
 
3.2. Combining Profit and Emission 
 
Using the scalarization technique, the multi-objective function of emission and profit optimization has been unified. 
The emission curve and the cost curve of the generator have been combined to form a unified objective function. 
Here, 
 
2
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is the generator cost equation where a, b, c are the generator cost constants and P is generated power. 
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is the generator emission equation, where α, β, J  are the generator emission constants and P is the generated power. 
In this case, n=2 and P (J ) is a combination of two individual functions, given by 
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Where P(J ) is the combined scalar objective function. The value of generator cost and emission parameters are 
predefined and the function can be optimized after the value of J
1
and J
2 
are determined.  
 
3.3. Algorithm 
 
x Start the process 
x Read the generator cost and emission parameters 
x Predict the scalar parameters 
x Combine objective functions using parameters predicted in step 3 
x Optimize the unified function obtained using hybrid algorithm of GD,LR and ANN 
x Obtain the final profit and emission 
x Calculate the profit to emission ratio 
x Repeat steps 3-7 for all combinations of parameters 
x Find the power with the maximum profit/emission ratio 
x Output the final power, profit and emission 
 
4.  Implementation 
To solve for PBUCP with emission optimization using GD, LR and ANN, algorithms in MATLAB software is 
developed. The software provides interactive approach in dealing with the various data input required for solving the 
PBUCP with emission optimization from the user. Based on the forecasted demand, forecasted prices and fuel cost 
data using GD, LR and ANN, power is scheduled with maximum profit and its corresponding emission. The 
parametric constants are determined by using optimization technique J
1
 =0.57 and J
2 
=0 shown in Fig. 1. 
 
 
Fig. 1.Modified cost emission curve of Generator I in a 10 unit system 
 
The optimization of the unified objective function obtained as above is carried out using hybrid optimization 
techniques. The results obtained for hybrid techniques and their corresponding profit and emission are given in 
Table 1. Their profit/emission ratio is compared to determine the best technique available. Also the profit/emission 
ratio obtained by this technique is compared to the trade-off technique to analyse their suitability to the given 
problem. The graph of the modified curves and the convergence graph for hybrid technique is shown in Fig. 2.The 
profit to emission ratio obtained by single-objective optimization using Hybrid methods of Gradient Descent, 
Logistic Regression and Artificial Neural Network is considerably higher than the individual objective optimization. 
The ratio for a ten unit system is approx. 0.46 which indeed is the highest ratio obtained. Therefore, in general, the 
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combination of multiple objectives to a single-objective problem is a very effective technique and provides a more 
optimal solution compared to individual optimization. 
 
Table 1  Single-Objective Profit and Emission Optimization by Hybrid Method (10 unit) 
 
T Power (MW) Reserve (MW) Profit($) 
Emission 
(Mg/Hr) 
1 421 279 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5835.7 75684.2 
2 421 329 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3786.8 81090.4 
3 421 419 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5116.6 90820.7 
4 421 419 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4738.6 90820.7 
5 421 419 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5242.6 90820.7 
6 421 419 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4990.6 90820.7 
7 421 419 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4612.6 90820.7 
8 421 419 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4318.6 90820.7 
9 421 419 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4864.6 90820.7 
10 421 419 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 10398.3 101713.2 
11 421 419 0 0 0 0 0 10 10 0 0 0 0 0 0 0 0 0 0 0 11105.2 113964.5 
12 421 419 0 0 0 0 0 10 10 10 0 0 0 0 0 0 0 0 0 0 12431.6 126923.6 
13 421 419 0 0 0 0 0 10 10 10 0 0 0 0 0 0 0 0 0 0 6298.0 126923.6 
14 421 419 0 0 0 0 0 10 10 10 0 0 0 0 0 0 0 0 0 0 6211.0 126923.6 
15 421 419 0 0 0 0 0 10 10 10 0 0 0 0 0 0 0 0 0 0 4471.0 126923.6 
16 421 419 0 0 0 0 0 10 10 10 0 0 0 0 0 0 0 0 0 0 4927.0 126923.6 
17 421 419 0 0 0 0 0 10 10 10 0 0 0 0 0 0 0 0 0 0 4253.5 126923.6 
18 421 419 0 0 0 0 0 10 10 10 0 0 0 0 0 0 0 0 0 0 4079.5 126923.6 
19 421 419 0 0 0 0 0 10 10 10 0 0 0 0 0 0 0 0 0 0 4210.0 126923.6 
20 421 419 0 0 0 0 0 10 10 10 0 0 0 0 0 0 0 0 0 0 4601.5 126923.6 
21 421 419 0 0 0 0 0 10 10 10 0 0 0 0 0 0 0 0 0 0 4993.0 126923.6 
22 421 419 0 0 0 0 0 10 10 10 0 0 0 0 0 0 0 0 0 0 4862.5 126923.6 
23 0 419 0 0 0 0 0 10 10 10 0 0 0 0 0 0 0 0 0 0 2013.8 81403.2 
24 0 419 0 0 0 0 0 10 10 10 0 0 0 0 0 0 0 0 0 0 1924.0 81403.2 
TOTAL PROFIT 117984.4 2567127.0 
 
 
 
Fig. 2. Convergence graph of Hour 7 Generator 2 using ANN in a 10 unit system 
 
5. Conclusions 
 
Thus the various techniques of multi-objective optimization and their solutions are discussed. The multi-objective 
optimization of profit and emission of a generator is carried out using scalarization technique and optimized using 
the hybrid of GD, LR and ANN. The testing of the algorithms are carried out using IEEE 3 unit 12 hour test system 
and 10 unit 24 hour test system. The results are discussed, compared to the non-unified multi-objective optimization 
and suitable inferences are obtained.  
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